To analyze the differences between novice and expert orthodontists examining panoramic radiographs with incidental findings of varying difficulty. The null hypothesis states no difference in the examination pattern of panoramic radiographs between novice and expert orthodontists. Materials and methods: Expert and novice orthodontic observers were asked to examine six panoramic radiographs with incidental findings of varying difficulty. The eye-tracking software recorded and analyzed their eye movements during the examination. After examining each radiograph, the observers were asked questions about the radiograph. All these collected data were analyzed to compare the performance of the two sets of observers. Results: The total number of observers was 72 in the novice group and 64 in the expert group. There was only one statistically significant finding between the two groups of observers, which was the end time. Expert orthodontists recorded longer panoramic radiograph examination times. Conclusion: There is no significant difference in the abilities of expert and novice orthodontists to examine panoramic radiographs and identify incidental findings. Clinical significance: Orthodontists might benefit from additional education and continued training in examining and reporting radiographs commonly utilized by this specific group of dental specialists, such as panoramic and cephalometric radiographs.
IntroductIon
Panoramic radiographs are an important imaging tool frequently used by dentists and dental specialists for diagnosis, treatment planning, and follow-up of dental patients. Two-dimensional (2D) radiographs are commonly used by dentists and dental specialists to simultaneously assess both jaws and their dentition, in addition to surrounding structures, such as the cervical spine, maxillary sinus, and temporomandibular joints (TMJ). 1 Orthodontists routinely utilize panoramic radiographs to examine the developing dentition, the position and orientation of crowns and roots, and to assess the presence or absence of impactions or pathological conditions. Interpreting panoramic radiographs is challenging for several reasons. First, panoramic radiographs are inherently 2D and thus suffer from overlapping structures. Second, they suffer from distortion (unequal magnification) and ghost images that further complicate the problem of overlapping structures. Third, panoramic radiographs provide images of a complex anatomic area and observers must be well versed in not only the anatomy of the facial and dental structures but also the radiographic anatomy and their specific appearance in panoramic radiographs.
Incidental findings are common in panoramic radiographs because of the large area that they cover. Most of these findings are insignificant, but some are serious findings that require immediate action. 2 The available literature is bereft of data on the efficiency of dentists and dental specialists, including orthodontists, in detecting incidental findings in panoramic radiographs. Some have even commented on the likelihood that orthodontists might be distracted by points of interest in a radiograph and miss significant incidental findings. 3 The available research has also linked the efficiency of evaluating radiographs with clinical experience. 4 The more years of experience, the less time the clinician requires to examine a radiograph and the more accurate the interpretation of the radiographic findings. 5, 6 Eye-tracking records and analyzes the gaze pattern of observers during a given task. The data then provide clues as to which areas of the screen are examined and thus which areas have contributed to the decision-making process. Eye-tracking has been used extensively in medical education to understand how experts perform. 7 This has been especially helpful in the field of radiology and the interpretation of chest radiographs and mammograms. [8] [9] [10] More recently, orthodontists have used eye-tracking technology to determine if there is any difference between groups of observers for the esthetic component in the different malocclusions. 11 In this study, we examined the differences in the gaze pattern between novice and expert orthodontists examining panoramic radiographs with incidental findings of varying difficulty. The null hypothesis states no difference in the examination pattern of panoramic radiographs between novice and expert orthodontists.
MAterIAls A n d Methods
The research ethics board at the Faculty of Dentistry of King Abdulaziz University, where the study took place, approved the study protocol. An informed consent was obtained from the observers. No informed consent was required for the use of anonymized panoramic radiographs.
Observers
Sample size calculations, based on a 95% confidence interval (CI), estimated the need for a total of 100 observers divided into two main groups, expert and novice orthodontists. The original number of observers was 146. However, 10 participants were excluded, 6 because they moved their heads or the screen during the experiment and 4 because the calibration step failed despite repeated attempts. The actual sample size was 136 orthodontists, 72 in the novice group and 64 in the expert group. Experts were qualified orthodontists (graduates of a clinical postgraduate orthodontic program regardless of the years of experience), and the novices were orthodontic residents (currently enrolled in a clinical orthodontic postgraduate program regardless of the level of training). Demographic data of the observers are presented in Table 1 . Most of the recruitment process and data collection took place during an orthodontic conference that was held at the same academic institution. This facilitated the availability of a significant number of novice and expert orthodontists who were willing to participate in the study. No incentive was offered and all subjects were free to stop the experiment and withdraw from the study at any stage.
Panoramic Radiographs
Six digital panoramic radiographs were selected from the library of radiographs made for orthodontic purposes. The radiographs were chosen based on the presence of a single incidental finding.
The inclusion criteria also included panoramic radiographs of diagnostic quality in terms of density and contrast with no positioning errors. Then, an independent panel of one senior radiologist and one senior orthodontist reviewed the radiographs and divided them into three categories based on the difficulty of the incidental findings. The panoramic radiographs were divided into those with easy (defined as obvious), intermediate, and difficult (defined as subtle) incidental findings ( Table 2) . Three radiographs are shown demonstrating an easy, an intermediate, and a difficult incidental finding ( Fig. 1 ).
Data Collection
The eye-tracking camera was mounted to the base of a 15.6-inch laptop computer screen (Latitude E6530, Dell Corporation, Round Rock, TX, USA). The screen has a display resolution of 1,600 by 900 pixels. The software used to track the observer's gaze pattern was RED-m SMI (Sensomotoric Instruments, Teltow, Germany). Care was taken to conduct the experiments in a dimly lit room with no distractions in the observers' field of view. The laptop was set so that the screen was perpendicular to the floor. All the steps of the experiment and the instructions were explained thoroughly to each observer before commencement. The observers were then asked to sit comfortably at an eye-to-screen distance of between 50 cm and 75 cm. Next, the observer's head position was adjusted so that the eye-tracking camera picked up the position of the eyes consistently. Instructions were given to the observers to stabilize the head position for the duration of the experiment (Fig. 2 ). Finally, a calibration step was undertaken using a five-point calibration image to ensure proper alignment of the gaze pattern relative to the image. The accuracy (gaze deviation) was set at 0.5°, which, at an eye-to-screen distance of 65 cm, corresponds to a spatial resolution of 5 mm.
The panoramic radiographs were displayed in a random order. There were no time constraints, and the observers were allowed to examine the radiographs for as long as they wished. The average time spent by the observers during the experiment lasted between 10 minutes and 15 minutes. The principal investigator administered all the experiments. The observers did all the data entry, but the principal investigator was available close by to provide help and technical assistance. First, demographic data about the observer were collected, including gender and level of experience or years of experience. Next, the observers were allowed to examine one panoramic radiograph at a time. Following each radiographic image, the observer was required to answer a number of questions regarding the presence of an incidental finding (or not), its location, disease category, and radiographic interpretation. The eye-tracking data that were collected for each panoramic radiograph included end time and scan path length for the entire radiograph. The definition of these terms can be found in Table 3 .
The data collected for each observer by the eye-tracking device were automatically saved from the experiment software to the analysis software BeGaze (Sensomotoric Instruments, Teltow, Germany). The BeGaze software was then able to outline the incidental findings in the radiographic images as areas of interests (AOI), and with further analysis, it was possible to produce the data outlined in Table 4 .
After completion of the experiment, data collected from all observers were exported to Microsoft Excel for Mac 2011 version 14.0.0, where they were grouped according to the observer category.
STATA Version 13.0 (StataCorp, College Station, Texas, USA) was then used for the statistical analysis, where the significance level was set at p < 0.05 and the confidence level at 95%. The interpretive skills of the observers (i.e., their answers to the questions that followed each The number of revisits to the AOI once the observer leaves the AOI the first time radiograph) were reported as frequencies and percentages. The association between these responses and the level of experience of the observers was further tested using the Chi-square test and the Fisher's exact test. The detection skills of the observers (i.e., the results of the eye-tracking data) were reported as medians and interquartile ranges (IQR). The association between the eye-tracking data results and the level of observer experience was tested using the nonparametric Kruskal-Wallis test.
results
A total of 136 observers took part in this study. Participants were divided into the subgroups, as shown in Table 5 . There were no statistically significant differences between the two groups of observers in terms of detecting the findings regardless of their difficulty level and in terms of placing them in the correct disease category. However, two trends were noted. First, observers-generally and regardless of their level of experience-were better at perceiving the findings than at interpreting them. Second, both the detection and interpretation skills declined as the difficulty of the incidental findings increased (Fig. 3 ).
Eye-tracking Results for Entire Panoramic Radiograph
There was a statistically significant difference between the expert and novice groups for the end time (p = 0.01). The observers in the expert group recorded longer examination times (Fig. 4) ; this was especially true for panoramic radiographs with findings considered intermediate in difficulty. The observers in the expert group also recorded the longest scan path length. However, this was not significantly different from the scan path length recorded by the observers in the novice group (Fig. 5 ).
Eye-tracking Results for AOI in Each Panoramic Radiograph
There were no statistically significant differences among the novice and expert groups with regards to the AOI results, regardless of the level of difficulty of the incidental findings. However, several trends were noted. The entry time to the AOI was longer for observers from the expert group (Fig. 6 ). The number of fixations was almost equal for both groups of observers (Fig. 7) . However, the fixation duration was longer for observers in the expert group (Fig. 8 ). The number of revisits was also greater for observers in the expert group (Fig. 9) .
These results represent our analysis of the differences between novice and expert orthodontists in terms of their ability to examine panoramic radiographs and detect and interpret incidental findings of variable difficulty.
dIscussIon
The goal of the present study was to understand the differences in examination patterns of panoramic radiographs between novice and expert orthodontists utilizing the eye-tracking technology. The eye tracking technology relies on the proprietary hardware and software used in experiments to register eye movement. 12 Analysis of the eye movement data has found many applications in fields such as cognitive psychology, marketing, and medical imaging. 12 In medical imaging, eye-tracking studies have improved our understanding of how radiologists detect and interpret positive findings. 12 This in turn has improved the speed and accuracy with which diagnostic images are interpreted. 12 One of the first eye-tracking studies published was by Carmody et al. 13 They studied the detection of lung nodules on chest radiographs and found that the scanning strategies of radiologists significantly affected the nodule detection rate. 13 Several eyetracking studies of chest radiographs followed and confirmed that experts were faster and more accurate than novice observers. 14 Mammography eye-tracking studies also demonstrated that experts were faster at detecting lesions and required less time to make a decision regarding the lesion. 14, 15 The results of these studies have significantly influenced the teaching methods and training strategies used to examine diagnostic images, yet the literature is bereft of similar studies that investigate diagnostic images commonly used by dentist and dental specialists. The results demonstrated very little difference between the two groups of observers. This is contrary to the findings of Turgeon et al., who compared the search pattern of panoramic radiographs between dental students and oral and maxillofacial radiologists. 6 Their results demonstrated a significant difference between the two groups of observers, with radiologists being faster at detecting incidental findings. 6 We suspect that our results were different because the two groups of observers in the current study were closely related, unlike the vastly different observers in the Turgeon et al. study.
Only one statistically significant result was recorded for expert observers, and that is their significantly longer panoramic radiograph examination time (end time). This result is contrary to Wood, who compared experts and novices seeking radiological training. 16 Novices in the Wood study were found to comment on and search for absent findings rather than focusing on significant positive findings. 16 This explains why the experts in the same study were faster and required less time to examine and report radiographs. 16 One explanation for the longer expert end time in the current study is the long scan path length noted for these observers. Another explanation is our hypothesis that the expert observers are usually more focused on management and treatment and might start the mental process of treatment planning while examining the radiograph, thus requiring a longer end time.
Wood divides the radiographic examination process into three timed phases, 30% for the search, 25% for recognition, and 45% for decision making. 16 In the current study, a marked difference was noted between the ability to detect an incidental finding and the ability to interpret it. Both groups of observers had better detection abilities than interpretation skills. Wood reported that observers usually perform poorly in the interpretation of a radiograph if patterns of examination are not ordinary. 16 Perhaps the observers in the current study did not follow a systematic approach when examining the panoramic radiographs. This finding leads us to support the conclusions of Kuhlberg and Norton that orthodontists require adequate education and continued training in examining and reporting radiographs. 3 These authors also concluded that orthodontists should collaborate with oral and maxillofacial radiologists and seek their consultation when possible. 3 Limitations of this study include that the level of experience or years of experience were not correlated with the results. Future studies with larger sample sizes should take this into account. It would also be interesting to conduct this same experiment to compare between orthodontists and radiologists. Investigating the examination pattern of other diagnostic images such as cephalometric radiographs and cone beam CT images would also be a valuable future direction.
conclusIon
There is no significant difference in the abilities of expert and novice orthodontists to examine panoramic radiographs and identify incidental findings of varying difficulty.
clInIcAl sIgnIfIcAnce
Orthodontists might benefit from additional education and continued training in examining and reporting radiographs commonly utilized by this specific group of dental specialists, such as panoramic and cephalometric radiographs.
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